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Summary  Little  information  is  available  regarding  the  connection  between  the
risk  of  brucellosis  infection  in  cattle  and  the  lack  of  training  and  education  of  cat-
tle  producers.  A  total  of  154  cattle  farmers  from  the  Vila  Real  (northern  Portugal)
municipality  were  interviewed  in  person  to  evaluate  their  knowledge  of  bovine
brucellosis.
Basic  knowledge  of  the  zoonotic  characteristics  and  clinical  signs  of  brucellosis
infection  and  cattle  management  was  obtained  from  78.6%,  68.8%  and  79.9%  of
the  respondents,  respectively.  The  respondents  with  infected  animals  in  their  herds
(odds  ratio  (OR)  5.5;  95%  conﬁdence  interval  1.6,  19.5)  were  more  likely  to  have
greater  knowledge  about  bovine  brucellosis.  The  study  also  revealed  a  relationship
(p  <  0.01)  between  the  use  of  breeding  males  and  farms  that  were  already  infected
with  brucellosis.  Moreover,  the  knowledge  that  brucellosis  is  a zoonotic  disease  was
also  inﬂuenced  by  the  number  of  farms  already  infected  with  brucellosis  (p  <  0.01).
Conversely,  the  number  of  respondents  who  were  unaware  that  bovine  brucellosis
is  a  zoonotic  disease  (25.3%)  and  a  foodborne  pathogen  (21.4%),  and  the  fact  that
over  half  (54.5%)  of  the  respondents  believed  that  bovine  brucellosis  was  a  treatable
infectious  disease  was  associated  with  the  absence  of  veterinary  assistance  on  the
farm  (60.4%).
Because  the  eradication  of  bovine  brucellosis  has  multiple  factors,  the  success  of
the  national  eradication  program  cannot  be  based  only  on  the  sanitary  management
of  infected  herds.  Successful  eradication  will  only  occur  with  adequate  training  pro-
grams  for  farmers,  including  farm  biosecurity,  legal  fulﬁllment  and  veterinary  public
health  programs  (in  which  the  role  of  the  veterinarian  is  fundamental).
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dataset.  All  recorded  information  from  each  herd
was carefully  compared  with  the  paper  question-364  
Introduction
Brucella  spp.  are  facultative  intracellular  Gram-
negative  coccobacilli.  These  non-spore-forming  and
non-capsulated  bacteria  cause  a  serious  contagious
disease  that  results  in  reproductive  failure  and  that
has profound  public  health  signiﬁcance  because  of
its zoonotic  characteristics  [1,2].  In  cattle,  Brucella
abortus  is  the  usual  cause  of  brucellosis,  but  other
Brucella  spp.,  such  as  Brucella  melitensis  and  Bru-
cella suis,  can  (in  rare  cases)  infect  cattle  [3]. The
eradication  of  brucellosis  in  animals  is  a necessary
step in  controlling  the  disease  in  humans  [4]. In  cat-
tle, during  animal  production,  the  infection  causes
heavy economic  losses  resulting  from  clinical  dis-
ease, abortion,  neonatal  losses,  increased  calving
intervals,  reduced  fertility,  decreased  milk  produc-
tion, increased  culling  rates  because  of  metritis
and the  emergency  slaughtering  of  infected  animals
[5,6].  In  addition,  the  disease  is  an  impediment  to
free animal  movement  and  trade  [7].  In  Portugal,
brucellosis control  is mandatory  [8]. All  cattle  older
than 12  months  are  subjected  to  annual  serological
testing. Positive  animals  are  culled  when  both  the
Rose Bengal  and  complement  ﬁxation  tests  are  pos-
itive. Then,  samples  from  several  organs  are  taken
at the  slaughterhouse  for  bacteriological  isolation.
In infected  ﬂocks,  special  measures  are  performed
at the  farm,  such  as  an  epidemiological  survey,  cat-
tle movement  restriction  and  (at  minimum)  four
serological  tests  within  a  240-day  period  [9].  As
an additional  measure,  serological  testing  (a  pre-
movement  test)  is  compulsory  for  all  bovine  older
than 12  months;  before  they  leave  the  farm  [10],
calves younger  than  12  months  are  slaughtered  if
they are  the  descendants  of  those  cattle  previously
found to  be  positive.  The  potential  risk  factors  for
bovine brucellosis  seroprevalence  have  been  deter-
mined by  epidemiological  studies  [11—13]. Several
factors,  such  as  gender,  breed,  age,  herd  size
and management,  ecological  conditions  and  socio-
economic  factors  play  an  important  but  poorly
deﬁned role  [14].  In  Portugal,  the  risk  factors
of bovine  brucellosis  have  not  been  previously
investigated.  Husbandry,  grazing,  hygiene,  milk-
ing procedures,  veterinary  management  and/or
biosecurity measures  are  strongly  associated  with
the training  and  education  of  farmers.  Brucellosis
control cannot  rely  only  on  test-and-slaughter  pro-
grams, cattle  producers  should  also  be  involved;
therefore, as  an  important  part  of  bovine  bru-
cellosis control,  the  aim  of  this  study  was  to
evaluate the  farmers’  knowledge  of  bovine  brucel-
losis.
n
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aterials and methods
urvey design
 cross-sectional  study  of  bovine  brucellosis  knowl-
dge was  conducted  from  April  to  July  2012.  A
oluntary survey  (comprised  of  personal  interviews)
as  administered  to  154  cattle  farmers  of  the  Vila
eal municipality,  in  northeast  Portugal.  The  ques-
ionnaire was  based  on  a  literature  review,  and
he questions  were  designed  to  obtain  informa-
ion about  bovine  brucellosis.  Several  questions
ere related  to  the  respondents’  demographic
haracteristics  (gender,  age  and  education  level)
nd information  about  their  farms.  The  partici-
ants’ overall  knowledge  of  bovine  brucellosis  was
ssessed  using  18  closed  questions.  The  responses
o these  questions  were  combined  to  generate  a
nowledge  score  ranging  from  zero  to  18.  After
ssessing the  normality  of  the  scores  using  a  his-
ogram,  the  composite  score  was  dichotomized
sing the  mean  as  a cut-off  value;  therefore,  a  value
oded >  one  showed  higher  overall  knowledge.  A
core of  one  was  given  to  correct  responses,  and
ero was  used  for  incorrect  and  ‘‘I  do  not  know’’
esponses. Based  on  the  mean  score  of  the  com-
osite variable  (mean  =  9.85),  the  responses  were
ategorized  as  high  (a  score  above  the  mean  value)
nd low  (a  score  below  the  mean  value).
To reduce  the  possibility  of  farmers  answering
orrectly by  chance,  all  questions  included  the  item
‘I do  not  know’’.  During  the  interview,  any  herd
ould have  been  declared  brucellosis  positive  by
eterinary  ofﬁcials.
ilot study
 pilot  study  was  conducted  to  assess  the  clarity
f the  questionnaire  instructions,  layout  and  time
equirement.  The  pilot  questionnaire  was  admin-
stered  to  25  bovine  farmers  from  the  Sabrosa
nd Alijó  municipalities  in  northeast  Portugal.  The
esults of  this  work  are  not  included  in  this  study.
ata analysis
ll  questionnaire  data  were  entered  into  an  SPSS
9.0 database  (SPSS,  IBM,  New  York,  USA)  and
arefully checked;  the  errors  were  corrected,  and
he data  were  immediately  available  as  an  SPSSaire and  checked;  typing  errors  were  detected  and
orrected.
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mal disease,  and  74.7%  believed  it  was  a zoonoticn  evaluation  of  cattle  farmers’  knowledge  of  bovi
The  distributions  of  associated  factors  among
hose farmers  who  had  more  knowledge  in  bovine
rucellosis and  those  with  less  knowledge  were
alculated.  A  multivariate  logistic  regression  anal-
sis was  used  to  model  the  odds  ratio  (OR)  and
he conﬁdence  interval  (CI,  95%)  of  having  more
nowledge related  to  the  variables.  The  outcome
ariable was  dichotomized  into  a  high  level  of
nowledge  versus  a  low  level,  as  a  method  of  iden-
ifying  any  factors  associated  with  knowledge.  The
otential  associated  factors  (signiﬁcant  at  p  <  0.10,
wo-tailed,  alpha  =  0.05)  in  the  univariate  analysis
ere  then  evaluated  using  stepwise  regression  to
onstruct  a  multivariate  model  (Wald  test  stepwise
-Wald  value  to  enter  p  <  0.05).  The  multivariate
ogistic model  was  developed  using  the  stepwise
pproach. A  backward  elimination  followed  by  a
orward selection  for  each  variable  was  conducted
sing a  likelihood  ratio  test  at  each  step  with  0.05
two-tailed;  alpha  =  0.05)  as  a  signiﬁcant  level  for
emoval  or  entry.  The  ﬁt  of  the  model  was  assessed
sing the  Hosmer  and  Lemeshow  goodness-of-ﬁt
est [15].  The  model  was  rerun  until  all  remaining
ariables presented  statistically  signiﬁcant  values
p <  0.05).
esults
armer socio-demographic composition
 total  of  154  cattle  farmers  were  interviewed
Table  1).  The  sample  set  consisted  of  132  men
85.7%) and  22  women  (14.3%).  All  respondents
ived at  the  farm  location  and  were  older  than  51
ears (74%)  on  average.  The  farms  were  generally
Table  1  Socio-demographic  characteristic  of  the
respondent.
n  %
Gender
Male  132  85.7
Female  22  14.3
Animal  and  farm  operations
Male  34  22.1
Female  22  14.3
Both  98  63.6
Age
<30  4  2.6
31—50  36  23.4
>51  114  74.0
Level  of  education
Primary  school  110  71.4
High  school  or  technical  training  4  2.6
d
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perated  by  both  women  and  men  working  together
63.6%).  Regarding  respondent  education,  71.4%
ad only  primary  educations,  and  2.6%  had  high
chool  educations  or  technical  training.
arm characterization
he  results  of the  farm  characterization  (Table  2)
evealed that  the  main  animal  production  was  meat
94.2%). The  majority  of the  respondents  (57.8%)
ad three  or  fewer  head,  similar  to  the  charac-
eristics of  most  farms  in  this  study.  The  average
erd size  was  as  follows:  three  head  (18%),  two
ead (22.1%)  and  one  head  (16.9%).  Only  10%  of
espondents  had  over  10  head  (range,  10—30  head).
he other  farm  animals  commingling  with  the  cattle
ncluded  sheep  (11%),  goats  (9.1%),  swine  (4.5%),
hickens  (29.2%)  and  rabbits  (15.6%).  The  exam-
nation  of  veterinary  farm  management  revealed
hat 82.5%  of  the  respondents  had  no  knowledge  of
heir ofﬁcial  herd  sanitary  statuses;  over  half  of  the
arms (60.4%)  had  no  veterinary  technical  support,
nd 69.5%  of  the  respondents  requested  veterinary
echnical support  only  when  necessary.
eneral knowledge about bovine brucellosis
ccording  to  the  survey,  16.2%  of  respondents  had
xperienced  brucellosis  infection  in  their  herd  (at
east once),  and  4.5%  of  the  farmers  had  person-
lly suffered  brucellosis.  Of  the  respondents,  77.3%
elieved that  brucellosis  was  an  infectious  ani-isease; 83.8%  answered  that  brucellosis  was  diag-
osed with  a serological  test  at  a laboratory  during
Table  2  Farm  characterization.
n  %
Main  animal  production
Meat  145  94.2
Milk  3  1.9
Both  6  3.9
Presence  of  others  farm  animals
Sheep  11  7.1
Goat  14  9.1
Swine  7  4.5
Chicken  45  29.2
Rabbit  24  15.6
Herd  sanitary  status
Known  27  17.5
Unknown  127  82.5
Veterinary  assistance
Yes  61  39.6
No  93  60.4
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the  ofﬁcial  campaign  or  by  a  pre-movement  test.
Conversely,  over  half  of  the  respondents  (54.5%)
believed that  bovine  brucellosis  was  a  treatable
infectious disease.
Approximately  three-quarters  (78.6%)  of  the
respondents  recognized  that  non-heat  treated  milk
was a  source  of  infection.  An  investigation  of  the
respondents’  knowledge  of  disease  transmission
revealed that  grazing  (63.6%)  and  pasture  fecal
contamination by  infected  animals  were  poten-
tial sources  of  transmission  (64.3%).  In  addition,
79.9% of  the  respondents  quarantined  the  infected
animals. Questions  regarding  reproductive  man-
agement  showed  that  60.4%  of  the  respondents
considered  breeder  males  from  non-free  brucel-
losis herds  or  from  herds  of  unknown  status  to
be a  potential  source  of  brucellosis  infection.  In
total, 66.2%  of  the  farmers  keep  herds  separate  dur-
ing the  parturition  period,  and  68.2%  hygienically
removed the  placentas.  In  addition,  the  presence
of abortions  was  recognized  as  a sign  of  brucel-
losis (68.8%);  when  abortions  occurred,  62.3%  of
respondents  reported  them  to  the  ofﬁcial  veteri-
nary service.
An association  was  found  between  the  farms
that had  already  undergone  brucellosis  and  the  cor-
rect response  that  breeder  males  were  a  high  risk
for brucellosis  (p  <  0.01)  and  also  with  the  respon-
dents who  correctly  answered  that  brucellosis  is  a
zoonotic disease  (p  <  0.01).
However, gender,  age  and  education  did  not
inﬂuence the  presence  of  brucellosis  on  a  farm  and
the general  knowledge  of  the  disease.  Thus,  veteri-
nary technical  support  was  not  inﬂuenced  by  either
the farmers’  education  levels  (p  >  0.05)  or  the  farms
that had  already  undergone  brucellosis.
Factors associated with the level of
knowledge
The  possible  factors  associated  with  the  farm-
ers’ knowledge  level  of  bovine  brucellosis  were
evaluated. In  the  univariate  analysis,  three  vari-
ables were  found  to  be  statistically  signiﬁcant
when associated  with  the  farmer’s  knowledge  of
bovine brucellosis:  the  presence  of  goats  on  the
farms, main  animal  production  and  previous  herd
infection.  These  variables  were  included  in  the
multivariate  model.  To  adjust  for  confounding
factors, a  backward  stepwise  conditional  logistic
regression  was  employed  using  the  aforementioned
statistically  signiﬁcant  variables.  After  the  step-
wise procedure,  only  one  variable  was  found  to
be signiﬁcant  (p  <  0.05)  in  the  multivariate  logistic
regression  analysis  of  the  OR  for  the  knowledge  of
o
n
e
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ovine  brucellosis  in  relation  to  the  above  reported
ssociated factors.  In  this  study,  the  farmers  who
ad infected  animals  in  their  herds  (OR  5.5;  95%
I 1.6,  19.5)  had  a higher  probability  of  bovine
rucellosis knowledge.  The  overall  data  of  the
odel was:  2LL  =  34,375;  Hosmer  and  Lemeshow
hi-squared = 0.430;  p  =  0.51,  degrees  of  freedom
df) =  1.
iscussion
his  study  is  the  ﬁrst  to  examine  farmers’  knowl-
dge  of  bovine  brucellosis  in  northeast  Portugal;
t can  be  used  as  a  tool  to  improve  the
ovine brucellosis  national  eradication  program.
he ofﬁcial  data  of  bovine  brucellosis  in  north-
ast Portugal  increased  from  2007  to  2009  with
 household  prevalence  ranging  from  0.32%  to
.71%, while  the  animal  prevalence  ranged  from
.15% to  0.31%.  However,  in  2010,  the  house-
old and  animal  prevalences  decreased  to  0.59%
nd 0.227%,  respectively.  Although  bovine  brucel-
osis is  considered  controlled,  new  strategies  must
e developed  to  achieve  its  eradication.  Thus,
he knowledge/education  of  cattle  producers  may
e fundamental  in  achieving  this  objective.  In
ortugal,  brucellosis  research  is  scarce  and  focused
nly on  small  ruminants  [16,17]. According  to  our
tudy results,  approximately  three-quarters  of  the
espondents  were  older  than  51  years  and  had
ow education/training;  however,  neither  age  nor
ducation  inﬂuenced  the  knowledge  of  the  most
mportant characteristics  of  bovine  brucellosis.  In
ontrast, younger  age  and  higher  education  levels
ave been  described  as  protective  effects  against
rucellosis  [18]. Although  our  results  may  be  difﬁ-
ult to  explain,  they  could  be  associated  with  the
ncreased  experience  of  the  older  farmers.  This
tudy showed  that  the  farmers  who  had  previously
xperienced brucellosis  in  their  herds  had  a  higher
robability  of  having  greater  knowledge  of  bovine
rucellosis,  which  was  also  consistent  with  having
nowledge  obtained  from  experience  with  the  dis-
ase.
Questions  regarding  the  zoonotic  characteristics
nd transmission  sources  of  the  disease  were  cor-
ectly  answered  by  the  majority  of  respondents.
his knowledge  reﬂected  the  decrease  in  human
rucellosis cases  in  northeast  Portugal  over  the
ast several  years  [19]  because  livestock  production
rganizations have  played  an  essential  role  in  plan-
ing and  executing  a  bovine  brucellosis  national
radication program  and  farmer  education.  Thus,
3.8% of  the  respondents  recognized  the  objective
A ne  brucellosis  367
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Table  3  General  knowledge  about  bovine
brucellosis.
n  %
Herd  infected
Yes  25  16.2
No  108  70.1
Not  known 21  13.6
Farmer  infected  by  brucellosis
Yes 7  4.5
No  128  83.1
Not  known  19  12.3
Brucellosis  as  an  infectious  disease
Yes  119  77.3
No  7  4.5
Not  known  28  18.2
Bovine  brucellosis  as  a  zoonotic  disease
Yes  115  74.7
No  12  7.8
Not  known  27  17.5
Bovine  brucellosis  diagnosis  by  serological  test
Yes 129  83.8
No  6  3.9
Not  known 19  12.3
Brucellosis  as  a  treatable  disease
Yes 84 54.5
No  40  26.0
Not  known 30  19.5
Raw  milk  consumption  as  source  of  brucellosis
Yes 121  78.6
No  9  5.8
Not  known 24  15.6
Cattle  infection  in  the  pasture
Yes  98  63.6
No  25  16.2
Not  known  31  20.1
Isolation  of  infected  cattle
Yes  123  79.9
No  11  7.1
Not  known  20  13.0
Lend  male  increase  risk  of  bovine  brucellosis
Yes  93  60.4
No  23  14.9
Not  known  38  24.7
Isolation  of  dams  during  calving
Yes  102  66.2
No  24  15.6
Not  known  28  18.2
Proper  disposal  of  placentas
Yes  68.2  68.2
No  9  5.8
Not  known  40  26.0
Abortion  as  a clinical  sign  of  bovine  brucellosis
Yes 106  68.8
No  13  8.4
Not  known 35  22.7
Communication  of  abortion  to  ofﬁcial  veterinary  services
Yes  96  62.3
No  29  18.8
Not  known  29  18.8n  evaluation  of  cattle  farmers’  knowledge  of  bovi
nd  importance  of  the  sanitary  campaigns.  Con-
rolling  brucellosis  in  a  herd  requires  a  biosecurity
lan; consequently,  farmer  training  is  fundamen-
al. Biosecurity  refers  to  the  measures  taken  to
eep diseases  out  of  populations,  herds,  or groups
f animals  in  which  they  do  not  currently  exist  or
o limit  the  spread  of  disease  within  the  herd  [20].
mong these  measures,  the  control  of  animal  move-
ent, fulﬁllment  of  brucellosis  policy  and  good
usbandry  practices  are  essential  to  brucellosis
ontrol.
The cattle  movement  is controlled  by  the  ofﬁcial
eterinary service  and  restricted  to  brucellosis-
ositive farms.  A  compulsory  pre-movement  test  in
ll cattle  older  than  one  year  increases  the  con-
rol of  brucellosis;  however,  the  beneﬁts  of  this
est are  not  entirely  clear  [21].  Although  this  mea-
ure is an  economic  constraint  because  of  the
re-movement test  cost,  70.8%  of  respondent  agree
ith this  measure  [22]. In  contrast,  a  deﬁcient  iso-
ation and/or  quarantine  period  of  purchased  cattle
to prevent  dissemination  of  other  diseases  than
rucellosis)  was  described  in  this  part  of  the  study
23].  The  questions  regarding  reproductive  man-
gement  showed  that  approximately  70%  of  the
armers  considered  abortion  to  be  a clinical  sign
f bovine  brucellosis.  In  addition,  66.2%  kept  dams
way during  parturition,  and  68.2%  recognized  the
eed for  the  proper  disposal  of  placentas.  This
easure is  important  in  intensive  or  semi-intensive
nimal production  to  avoid  pasture  contamination
24];  however,  the  farmers’  main  objective  was  to
ncrease comfort  and  prevent  animal  stress  during
his period.  In  addition,  farmers  must  record  all
ases of  abortions  and  report  these  incidents  to  the
fﬁcial  veterinary  service;  over  half  of  the  respon-
ents  (62.3%)  recognized  the  need  for  compliance
ith this  measure.
Conversely,  25.3%  of  respondents  did  not  know
hat bovine  brucellosis  is a  zoonotic  disease;  21.4%
id not  know  that  consumption  of  raw  milk  may
e a  source  of  infection,  and  over  half  (54.5%)
onsidered bovine  brucellosis  to  be  a  treatable
nfectious disease,  although  it  is  strictly  prohib-
ted by  law.  These  results  were  associated  with
he absence  of  a  veterinarian  on  the  farm  (60.4%),
ut approximately  three-quarters  (69.5%)  of  the
espondents  requested  a  veterinarian  only  in  the
ase of  sick  cattle.  The  role  of  a  veterinarian  in
he education/training  of  cattle  producers  is  essen-
ial for  improving  the  understanding  not  only  of  the
anitary aspects  but  also  of  issues  about  farm  biose-
urity, veterinary  legal  fulﬁllment  and  veterinary
ublic health  [25].  To  achieve  better  results,  col-
aboration  with  human  public  health  personnel  may
e important.
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Conclusion
Farmers’  knowledge  of  bovine  brucellosis  is  an
important  tool  for  improving  the  ofﬁcial  eradication
program. According  to  our  study  results,  farmers
have  a  good  knowledge  of  bovine  brucellosis  despite
age and/or  lack  of  training.  This  knowledge  can  be
explained by  the  fact  that  brucellosis  is  ofﬁcially
controlled and  because  of  previous  efforts  by  the
livestock  producers  organization.  In  contrast,  farm
biosecurity  knowledge  was  deﬁcient  because  it is
not mandatory,  and  no  veterinary  technical  support
was required  by  farmers.
Conversely,  the  lack  of  understanding  that
bovine brucellosis  is  a  zoonotic  disease  and/or  a
foodborne  pathogen,  in  addition  to  its  consider-
ation as  a  treatable  infectious  disease,  could  be
associated  with  the  absence  of  veterinary  assis-
tance  on  farms  (Table  3).
To avoid  this  problem,  brucellosis  control  and
eradication must  be  associated  with  farmers’  train-
ing programs.  These  training  programs  should  teach
sanitary  management,  farm  biosecurity,  legal  ful-
ﬁllment and  veterinary  public  health,  in  which  the
role of  the  veterinarian  is  fundamental.
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